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PREFACE

This study was conducted as part of the Evaluation of Environmental Investments Research
Program (EEIRP). The EEIRP is sponsored by the Headquarters, U.S. Army Corps of Engineers
(HQUSACE). Itisjointly assigned to the U.S. Army Water Resources Support Center (WRSC)
Institute for Water Resources (IWR) and the U.S. Army Engineer Waterways Experiment Station
(WES) Environmenta Laboratory (EL). Mr. William J. Hansen of IWR isthe Program Manager, and
Mr. H. Roger Hamilton is the WES Manager. Program Monitors during this study were Mr. John
W. Bdllinger and Mr. Brad K. Fowler, HQUSACE. The field review group members who provide
complete program direction and the Digtrict or Divigon ffiliations are as follows: Mr. David Carney,
New Orleans Didtrict; Mr. Larry M. Kilgo, Lower Mississippi Valley Division; Mr. Richard Gorton,
OmahaDigtrict; Mr. Bruce D. Carlson, St. Paul Didtrict; Mr. Glendon L. Coffee, Mobile District; Ms.
Susan E. Durden, Savannah District; Mr. Scott Miner, San Francisco District; Mr. Robert F. Scott,
Fort Worth District; Mr. Clifford J. Kidd, Baltimore District; Mr. Edwin J. Woodruff, North Pacific
Divison; and Dr. Michael Passmore, formerly of Walla Walla District and now at WES. The work
was conducted under the Evaluation Framework Unit of the EEIRP. Ms. Joy Muncy of the Technical
Analysis and Research Division (TARD), IWR, and Mr. Jim Henderson of the Natural Resources
Division (NRD), WES, were the Principal Investigators.

The work was performed by Planning and Management Consultants, Ltd. (PMCL) under Task
Order No. 39, Contract No. DACW72-94-D-0003 managed by Ms. Joy Muncy. Dr. Timothy D.
Feather was the Principal Investigator in collaboration with Dr. Keith Harrington.

The report was prepared under the general supervision at IWR of Mr. Michael R. Krouse,
Chief, TARD; and Mr. Kyle E. Schilling, Director, IWR. At EL the report was supervised by Dr.

Robert M. Engler, Chief, NRD; Dr. John W. Keeley, Director, EL; and Dr. Robert W. Whalin,
Director, WES.
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|. INTRODUCTION

For over adecade the U.S. Army Corps of Engineers (Corps) has actively been involved in
ecosystem restoration projects. As this new direction for the Corps has evolved, it has become
increasingly clear that environmental restoration projects pose different planning challenges than
traditional water resources development projects. The Evaluation of Environmental Investments
Research Program (EEIRP) was initiated by the Corps to develop planning methodologies that
respond to these challenges. Specifically, the EEIRP was intended to address what have become
known as the "site" and "portfolio” questions:

@D How can the Corps determine whether the recommended action from a range of
aternatives is the most desirable in terms of the environmenta objectives?

2 How should the Corps allocate limited resources among many "most desirable’
environmental investment decisions?

The Corps six-step planning process is based upon the U.S. Water Resources Council's
Economic and Environmental Principles and Guidelines for Water and Related Land Resources
Implementation Studies (P&G), promulgated in 1983. The P&G provides a decision-making
framework that is equally applicable to traditional water resources projects and environmental
restoration projects. However, the differences between these projects, such as restoration's
predominance of nonmonetary benefits, require tailoring the planning process for ecosystem
restoration. The Corps ongoing adaptations of the planning process include: (1) promulgating the
various forms of guidance for environmenta planning, (2) documenting field experience with planning
environmenta projects (i.e., case studies), and (3) developing the process and products provided by
the EEIRP. Thisreport, prepared under the EEIRP Evaluation Framework work unit, is part of that
effort.

PURPOSE

The purpose of this report isto support Corps planners by identifying EEIRP products that
can be used in applying the six-step planning process to environmental projects. Underlying the
incorporation of the EEIRP products into the planning process is the need to (1) integrate the tools
and techniques identified and developed by the EEIRP and (2) ensure that they collectively help
address the site and portfolio questions.

CHAPTER |. INTRODUCTION



EVALUATION OF ENVIRONMENTAL INVESTMENTS PROCEDURES OVERVIEW MANUAL

SCOPE

Corps environmental planning encompasses traditional environmenta activities, such as
mitigation, and new environmental missions, such as ecosystem restoration. Unless otherwise
specified, "environmenta planning” refers to ecosystem restoration or mitigation activities within this
document. Although the motivations for mitigation and restoration projects can be quite different,
their planning processes are virtualy identical. Similarly, while the products of the EEIRP are
focused on ecosystem restoration, they are also applicable to other environmental contexts, such as
cultural resources and hazardous, toxic, and radioactive wastes.

This document is intended to serve as a reference guide for Corps environmental planning.
It isa procedures manua that synthesizes the many products of the EEIRP and shows how they can
support environmental planning. This report does not constitute restoration guidance. It provides
an overview of Corps environmental planning and identifies EEIRP products that support specific
planning activities. Planners are encouraged to obtain copies of the EEIRP products that pertain to
their specific planning chalenges. For this reason, an order form for obtaining copies of EEIRP
productsisincluded at the end of this report.

Since its inception in 1993, the EEIRP has endeavored to capture the state of the art in
environmental planning. There are similar programs ongoing in other Federal agencies. There has
been considerable communication between these programs as the Federal government refines its
environmental decision-making tools. This cross-fertilization shares successes and setbacks and
attempts to avoid duplication of research on environmenta evaluation.

REPORT CONTENTS

There are two additional chaptersin this document. An overview of the institutional setting
for Corps environmenta planning is presented in the following chapter (11). This overview introduces
pertinent guidance, funding authorities, and typical planning partner relationships among other
important parameters. Chapter 111 identifies analytical tools developed through the EEIRP which can
be used to support restoration planning. It is organized using the six steps of the planning process.
Chapter I11 dso discusses how the planning chalenges of restoration projects are compounded at the
portfolio level and identifies ways in which the EEIRP products can help make difficult portfolio
decisions.

CHAPTER |. INTRODUCTION
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[l. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL
PLANNING

INTRODUCTION

This chapter overviews the current institutional setting within which Corps ecosystem
restoration planning is conducted, as well as the process and products of the EEIRP. It is organized
into four sections that describe (1) the planning process as it has been applied to traditional water
resources development projects, (2) the differences between environmental projects and traditional
water resources projects, (3) the ecosystem restoration guidance, EC 1105-2-210, and (4) the process
and products of the EEIRP.

PLANNING PROCESS: TRADITIONAL WATER RESOURCES PROJECTS

The planning process provides the philosophical and procedural foundations for the
development of detailed planning methodologies outlined in other guidance. The six steps of the
planning process, illustrated in Figure 1, provide the structure for ecosystem restoration planning.

These steps follow a rational sequence of activities from identification of problems and
opportunities to salection of arecommended solution. Underlying the general flow of activities from
thefirst step to the last are andyticdl iterations: iterations within each step, as well asiterations of the
entire process. The following discussions summarize the planning process as applied to traditiona
water resources projects (e.g., flood control and navigation). Thiswill be followed by discussions
of how restoration projects differ from traditional water resources projects, and how these differences
can be accommodated within the planning process with the help of the products of the EEIRP.

Specification of Problems and Opportunities

Thefirst step of the planning process is to identify problems and opportunities. During this
step, the statement of problems and opportunitiesis developed. In addition, project scoping activities
areinitiated in this step, including delineating the planning area, determining the period of anaysis,
and scoping the project objectives and congtraints. At thisinitial phase of the project, it is particularly
important that (1) project partners recognize their responsibilities, (2) stakeholders be identified, and
(3) apublic involvement program be initiated.

CHAPTER Il. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING
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Specify Problems and Opportunities

|

Inventory, Forecast, and Analysis
of Resource Conditions

|

Formulate Alternative Plans

Evaluate Effects of Alternative Plans

Compare Alternative Plans

Select Recommended Plan I

FIGURE 1
PLANNING PROCESS

Inventory, Forecast, and Analysis of Conditions

The second step of the planning process is to anticipate the future conditions of the project
areathrough adefined period of analysis. The emphasis of this effort is on forecasting the without-
project condition. These forecasting activities have many challenges, including those of data
collection and management. The planning analysesin this step develop a comprehensive picture of
the future site conditions if no action is taken, focusing on the future conditions related to problems
and opportunities identified in the previous step.
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Formulation of Alternative Plans

The third step of the planning process develops dternative plans. The formulation of
dternative plansis an iterative process that considers the location, dimensions, materials, and timing
of the dternatives. Structural and nonstructural plans are to be considered. In addition, mitigation
plans are developed as part of the formulation of aternatives, if necessary.

Evaluation of the Effects of Alternative Plans

In the fourth step, dternative plans are evaluated. This step includes assessment and appraisa
of dternative plans. There are assessments of (1) the differences between the with- and without-
project futures, (2) the effectiveness of meeting project objectives, and (3) project effects.
Assessments identify any differences between the with- and without-project futures to determine
project effects. These assessments are followed by appraisals of the significance of project effects
to determine if they are beneficial or adverse.

Comparison of Alternative Plans

In the fifth step of the planning process, beneficia and adverse effects of aternative plans are
compared. For traditiona water resources projects, it isin this step that the plan that maximizes net
national economic development (NED) benefits is identified, leading to a single "optimal™ solution
for the planning objectives.

Selection of a Recommended Plan

In the final step of the planning process, the recommended plan is selected. Among the
alternatives considered is the no-action plan. For traditional water resources projects, the NED
account comprises the most important decision criterion. As aresult, a water resources devel opment
plan recommending Federal action must be the NED plan, unless there is an overriding reason to
select some other plan.

Portfolio Decisions

After plan selection, portfolio decisions must be made at various regional and national levels
to decide which of the best plans will be recommended for further consideration or selected for

CHAPTER Il. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING



EVALUATION OF ENVIRONMENTAL INVESTMENTS PROCEDURES OVERVIEW MANUAL

funding. There are many parties involved in portfolio decison making, including the Corps hierarchy,
the Administration, Congress, and the Office of Management and Budget. To support portfolio
decison making, it is desirable that planning investigations employ standardized methodologies and
present comparable project information.

CHALLENGES OF ENVIRONMENTAL PROJECTS

Environmental projects have important differences from traditional water resources
development projects—differences that chalenge the traditional planning process and that are critical
determinants of the process and products of the environmenta planning effort. They can directly and
indirectly influence Corps effectiveness in addressing the environmental problem and Corps efficiency
in planning and implementing the project. While each project has unique features, the important
differences in environmental projects include the relative importance of (1) ecosystems,
(2) nonmonetary benefits, and (3) stakeholders.

Ecosystem Evaluation

In contrast with traditional water resources projects, environmental projects are oriented
toward ecosystems rather than national economic development. For example, environmental projects
are not usually oriented toward some aspect of human safety or welfare as are traditional water
resources development projects, which have some aspect of national economic development as their
primary purpose.

The objectives and outputs of restoration projects are dso more dependent on the ecosystem's
structure and function. The individuality of ecosystems challenges the application of standardized
planning procedures to restoration projects. Since they focus on ecosystem structures and functions,
the value of restoration activities cannot be directly measured in monetary terms. However, at both
the site and the portfolio scales, thereis a need to evaluate the potential of a plan to meet the project
objectives (i.e., effectiveness) with a limited alocation of resources (i.e., efficiency). These
effectiveness and efficiency consderations challenge traditional planning methodologies, which were
intended to assess in monetary terms the costs and benefits of alternative plans. In addition,
determining the significance of a resource is fundamental to defining the environmental problem and
setting planning objectives. These activities can be very difficult if an evaluation standard is absent.

Another distinction of environmental projects is derived from the complexity of the project
ecosystem. In some cases, the ability to predict ecosystem responses to different inputs and
conditions associated with alternative restoration measures is less evolved than the engineering
analyses that typify traditional water resources development projects.

CHAPTER Il. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING
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Benefits Measured in Many Metrics

The most important differences between restoration projects and traditional water resources
projects are that the benefits of restoration are often measured in many metrics (e.g., habitat units,
acres restored, increase in species populations), not smply dollars. While the costs of ecosystem
restoration can usually be estimated in dollar values with little difficulty, restoration benefits can be
much more chalenging. Some indirect restoration benefits, such as improvements in water supply
or recregtion, may be measurable in monetary terms. However, the outputs of restored ecosystems
aretypically described in ecologica terms, such as habitat units. While there are accepted techniques,
for example, the Habitat Evaluation Procedure, to estimate ecosystem outputs, it can be difficult to
measure in monetary terms restoration benefits by estimating human valuation of those outputs.

The nonmonetary benefits of restoration projects challenge planning methodologies that were
developed to assess and compare the dollar costs and dollar benefits of aternative plans.
Environmenta decision making is often forced to rely on subjective, rather than objective, measures
of efficiency and effectiveness. In addition, there is no longer a single-decision criterion—the
maximization of net NED benefits—in the absence of a common metric for costs and benefits. The
planning implications of benefits measured in nonmonetary terms have stimulated active research
programs in environmenta evaluation for several decades, including the EEIRP.

Stakeholders

A stakeholder is someone with something to gain or lose from a recommended course of
action. They may be government agencies, private organizations, economic or environmental interest
groups, or concerned citizens. While stakeholders can play important roles in planning water
resources development projects, they may be more critical to the success of restoration planning.
Some stakeholders have extensive experience with restoration projects that can support Corps
planning efforts. Others can share their knowledge of the site or the specific ecosystem. In addition,
the difficulty of monetary valuation of restoration benefits raises the significance of stakeholders
valuation of restoration dternatives. While stakeholders are typically not needed to identify the NED
plans of water resources projects, they can be very helpful in describing the benefits of restoration
alternatives.

ECOSYSTEM RESTORATION GUIDANCE

Corps ecosystem planning guidance directs planners toward specific tools and techniques for
use in environmental projects. As in the case of traditional water resources planning, these
procedures are often standardized to promote effective site planning for particular projects and
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consistent methodologies across the Corps portfolio of environmental projects. This guidance
includes planning requirements, recommendations, and options. The guidance is transmitted
downward through engineering regulations, engineering circulars (ECs), engineering technical |etters,
engineering pamphlets, various policy guidance letters (PGL ), policy memos, and training programs.

Corps environmental guidance includes a mixture of established information from traditional
environmental activities and freshly minted regulations and tools for new ecosystem planning
activities. For example, the Corps has a long history with the mitigation of adverse environmental
effects of its Civil Works projects. As aresult, the guidance for these activities are well developed
and well known. In contrast, the ecosystem restoration mission of the Corps is a relatively new
mission, and the associated guidance is still under devel opment.

The current ecosystem restoration guidance is Ecosystem Restoration in the Civil Works
Program (EC 1105-2-210). The purpose of this June 1995 engineering circular is to ensure that
restoration projects (1) produce the intended beneficial effects, (2) are cost effective, and (3) are
consistent with administration policy.

EC 1105-2-210 clarifies previous guidance on ecosystem restoration. This EC notes that Civil
Works budget guidance assigns funding priority to restoration projects (see EC 11-2-163). Asinthe
case of previous restoration guidance, EC 1105-2-210 emphasizes projects that restore environmental
degradation to which a Corps project contributed or situations where modification of a Corps project
can accomplish the restoration most cost effectively. Emphasis is placed on engineering measures
to achieve the restoration objectives. In addition, hydrologic control rather than land acquisition is
emphasized. EC 1105-2-210 specifically reasserts previous requirements (PGL No. 24) that the last
increment of benefit exceed in value the last increment of cost. While this specification may be
difficult to accomplish in many cases, it does identify incremental analysis as an important planning
tool.

Ecosystem restoration projects are formulated in the same manner as traditional water
resources development projects. EC 1105-2-210 states that “ Ecosystem restoration studies differ
from traditional projects only in that not all benefits are monetized.”

The P&G mandates selection of the NED plan except when there are other overriding
considerations such as Federal, state, tribal, local, and international concerns. EC 1105-2-210
releases restoration projects from this mandate. It stipulates there is no need to exhibit net NED
benefits, but costs should be registered in the NED account. The anticipated value of the outputs of
an ecosystem restoration is the principal measure of the plan’s worthiness. Since benefits will be
expressed in monetary and nonmonetary units, a benefit-cost ratio is not expected. Other than these
responses to the chalenges of environmental projects, environmental planning should follow the six-
step planning process.

CHAPTER Il. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING
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EEIRP: THE SEARCH FOR ENVIRONMENTAL PLANNING TOOLS

The ecosystem planning guidance, EC 1105-2-210, describes the Corps restoration philosophy
and policy. For some planning activities, such as cost effectiveness analysis, thereis clear direction
for applying specific tools or techniques. For other activities, such as the incorporation of risk and
uncertainty into restoration planning, the direction isless clear. This absence is both an opportunity
and a hazard. On one hand, the lack of recommended methodologies is an opportunity that gives
Corps planners flexibility in developing and conducting environmental studies. On the other hand,
the absence may leave planners without guidance for those activities, and consistency between
projects could suffer. Furthermore, interpretation of this guidance among planners and reviewers may
differ.

The EEIRP wasinitiated to help environmentd planners draw upon the conceptual foundation
of the P&G and operationalize the ecosystem restoration guidance. Figure 2 illustrates the el ements
of Corps environmenta planning in the development of planning tools and techniques through the
EEIRP.

Technical Work Units

The nine technica work units of the EEIRP were designed to facilitate ecosystem restoration
planning by providing planners with andytica tools and techniques. Figure 3 illustrates how the nine
EEIRP work units were affiliated with the six steps of the planning process when the EEIRP was
initialy formulated. In the realities of project planning, the edges between the six steps blur with
iterative loops through the process. Similarly, the boundaries of the work units are much less defined
than depicted in this figure.

The objectives and activities of each work unit are characterized below. The work unit
descriptions are intended to present the structure and goals of the research in order to (1) connect
the research process and products to the philosophica and policy base of the guidance and (2) begin
to trace how the tools and techniques developed through the program fit into the six steps of the
planning process.

Determining and Describing Environmental Significance

The significance work unit developed rational procedures and methods to determine and
describe institutional, technical, and public significance. Various ranking and weighting scales for
determining, prioritizing, and describing levels of significance were evaluated in this work unit.
Degradation of environmental resources may be more difficult for the public and decisionmakers

CHAPTER Il. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING
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CONCEPTUAL

PLANNING PROCESS

Principles &
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DIRECTIONAL

ENVIRONMENTAL
PLANNING GUIDANCE

EC 1105-2-210
Ecosystem
Restoration

HOW TO

ENVIRONMENTAL
PLANNING TOOLS

EEIRP
Products

FIGURE 2
ELEMENTS OF CORPS
ENVIRONMENTAL PLANNING

to recognize than traditional water resources problems. Thus, this work unit stressed the importance
of identifying sgnificant resources and provided guiddines for communicating significance at the local
(project), regiond, and nationd levels. Discussions on resource significance included an assessment
of the scarcity of the resources.

Determining Objectives and Measuring Outputs

The objectives and outputs work unit was designed to provide guidance on how to establish
clear, redigtic objectives for environmenta restoration projects and develop improved techniques for
clearly measuring outputs that are appropriate for those objectives. The intention was to broaden the
scope of restoration planning from univariate concerns, such as the focus on individual species, to a
more holistic ecosystem perspective. There were additional considerations that this work unit
addressed, including spatid and tempora scaes of analyses, adaptive management, and the challenges
that arise when the ecosystem extends beyond the restoration site boundaries.

10
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Objective Evaluation of Cultural Resources

The cultura resources work unit conducted areview of the literature and practice of cultural
resource evaluation. A pilot procedure for employing a quantitative/statistical approach to cultural
resource evaluation was developed. Thiswas field-tested with data from aregion of northern New
Mexico using a combination of research and information management tools.

Engineering Environmental Investments

The engineering work unit identified appropriate techniques for engineering restoration
projects. Thisincluded development of methods to assess the effectiveness of alternative approaches
in producing the intended effects, formulating and estimating costs of project features, and
monitoring. Underlying the ultimate formulation of engineering procedures for restoration projects
was the intention to focus on standardized procedures, not solutions. Techniques were based on the
principles of ecosystem management and the unique requirements of each project.

Cost Effectiveness Analysis Techniques

The cost effectiveness work unit developed analytical techniques for performing cost
effectiveness and incremental cost analyses. Recognizing the limitations of traditional benefit-cost
analysis for environmental planning, cost effectiveness and incremental cost analyses are vauable
decison-making tools for environmental investments. Cost effectiveness ensures that the |east-cost
solution is identified for each level of environmenta output. Subsequent incremental cost anaysis
revedls changesin costs for increasing levels of outputs. Neither cost effectiveness nor incremental
cost analyses will guarantee the identification of an optima solution. However, they provide
information that decisionmakers may use to facilitate and support the selection of a single solution.

Monetary and Other Valuation Techniques

The monetary and other valuation techniques work unit researched methods to identify use
and nonuse values associated with outputs from environmental projects. Thisincluded clarifying the
linkages between environmental outputs and human services and assessing how stakeholders perceive
and value environmenta restoration projects. In addition, techniques for monetary valuation were
researched. This work unit's challenge was to provide decisonmakers with value-inclusive
information about project benefits to assst them in determining the relative worth of aternative plans
Or projects.

12
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Incorporating Risk and Uncertainty into Environmental Evaluation

Thiswork unit focused on identifying generic and specific sources of risk and uncertainty in
environmental restoration planning. For example, how well will the restoration project perform? Is
there any uncertainty about the accuracy of the data or the models used to predict project outputs?
What are the risks of the project not succeeding? Once identified, potential tools and methods were
presented to address these risk and uncertainty issues. Approaches for incorporating risk and
uncertainty considerations into environmenta evaluations were demonstrated through a representative
case study.

Environmental Databases and Information Management

The environmental databases and information management work unit developed and
implemented concepts for improving communication and dissemination of information to Corps
environmental planners. Thisincluded two main thrusts. In the first, a prototype decision support
system (Integrated Bio-Economic Planning System - IBEPS) was developed which links
environmental output models and incremental cost analysis together with spatial data input and
handling capability via a geographic information system (GIS). Thisis aworking product directly
usable by planners, and it demonstrates the utility of computer-aided decision support systems. In
the second, EEIRP products were summarized and made accessible through a World Wide Web site.
This enables those with interests in the environmental restoration process to quickly access
information specificaly relevant to their project.

Evaluation Framework

This report focuses on integrating the products of the other EEIRP work units into the six-
step planning process. As part of this effort, this work unit conducted a series of case studies of
Corps restoration projects. These case studies were supplemented by research efforts which
identified trade-off processes to balance competing interests and examined group processes to elicit
the perspectives of project stakeholders.

Alignment of EEIRP Products with the Six Planning Steps

The EEIRP is generating a wide array of products. Some of these products are primarily
background materias, including literature reviews, workshop proceedings, and case studies. The
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EEIRP has been using this background research, conducted in the early phases of the program, as a
foundation for ongoing development of specific tools and procedures for restoration planning.

The products of each EEIRP work unit are presented in Table 1. Since some of the report
titles are cumbersome, abbreviated titles for the products are included in this table and will be used
throughout the remainder of this text. Annotations of the products of the EEIRP are found in
Appendix A. The work units were a vehicle to conduct supporting research and develop practical
tools and techniques for environmenta planners. From this point onward in this report, the products
of the work units will be generalized to be products of the EEIRP.

Table 1 dso illugtrates the alignments of the EEIRP products with the six steps of the planning
process. Connections could be drawn between any of the products and each of the six steps.
However, the dignments shown in this table represent direct associations of products with planning
steps. Some of the EEIRP products are completed; others are ongoing.

As shown in Table 1, the EEIRP has a balanced coverage of the six planning steps. In
general, significance products are critica in the early steps, ecosystem models and environmental
engineering are most important in the middle steps; and cost effectiveness and incremental cost
analyses are the highest prioritiesin the final steps. There are other products that are applicable
virtually throughout the planning process. Some of these will become resonant themes in this report,
including issues of stakeholder participation in the planning process, the different types of trade-off
andyses, and the various sources of risk and ways to address them. Others among this group, such
as the World Wide Web home page, can be noted as applying to al six steps without extensive
discussion.

Alignment of EEIRP Products with Portfolio Allocations

Table 1 dso illugtrates the alignment of EEIRP products with portfolio decison making. The
allocation of resources at the portfolio level may include funding for additional studies or
congtruction. Asindicated in the table, the significance reports and cost effectiveness and incremental
cost analyses materials are prominent in portfolio allocation applications.

14
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1. EEIRP SUPPORT FOR RESTORATION PLANNING

In this chapter, the EEIRP's support for Corps environmental planning is explored. The
discussions follow the six-step planning process as applied to environmental projects.

STEP 1: SPECIFY PROBLEMS AND OPPORTUNITIES

Thefirst of Sx steps is the Specify Problems and Opportunities. The outputs of these initial
activities provide a critica foundation for subsequent planning steps. Foremost among these outputs
is the problem/opportunity statement. Once this statement has been prepared, scoping activities can
commence. These will develop planning objectives which address the problem and recognize
planning congraints. In addition, scoping activities determine (1) significant issues to be addressed,
(2) the geographic extent of the planning area, (3) dternative problems and opportunities realized due
to the planned activity, (4) streamlined approaches to the current study based on examination of
previous studies, (5) the tentative planning and decision-making schedule, and (6) identification of
local project partners and other stakeholders.

For environmental projects, one of the important tasks in this initia planning step is to
determine the significance of the site's resources. This determination is critical to both identifying
problems and opportunities and to scoping the planning process. Determining the relative significance
of an environmental resource can be very challenging due to the complexity of ecosystems and the
lack of a standard (monetary) metric for their evaluation.

EEIRP Planning Support: Specification of Problems and Opportunities

Many EEIRP products support the development of the problem/opportunity statement and
the planning scope. Those with the most direct support of problem identification include the results
of applied research directed toward (1) identifying project stakeholders and including their
perceptions and values in the planning process, (2) assessing the risk and uncertainty in problem
identification, (3) determining significance of the site's resources.

Stakeholder Participation

A series of Corps restoration projects were anadyzed and compared in the Case Studies report.
Thisreport provided a comprehensive examination of ten restoration projects. Among the findings
of this report were the gains in planning efficiency and effectiveness achieved by (1) immediately
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identifying the project stakeholders, (2) involving them early in the planning process, and (3)
encouraging their participation throughout the process. Stakeholder participation in this first planning
step is critical for the Corps to foster working relationships with these interest groups. The active
indusion of project stakeholders should be considered by Corps planners as an opportunity to take
advantage of local knowledge about the site and develop support for action to address the
environmental problems and opportunities. The Stakeholders report can help to identify project
stakeholders.

As identified in the Case Studies report, stakeholders for environmental projects typicaly
include other Federa agencies, state natural resource agencies, nonprofit organizations, and the
generd public. Themix of stakeholders and their respective roles in the planning process can be quite
variable. For example, active stakeholders in the Homme Lake Habitat Improvement Project, a
Section 1135 restoration project, were limited to the North Dakota Department of Game and Fish,
the U.S. Fish and Wildlife Service (USFWS), and Ducks Unlimited. In contrast, the Mayfield Creek
Restoration Project had a much more extensive list of active project stakeholders, including:

Kentucky Department of Fish and Wildlife
USFWS

Kentucky Division of Water Resources
U.S. Environmental Protection Agency
Kentucky Historic Preservation Officer
Ducks Unlimited

A land devel oper

A timber company

A redl estate development company
Private landowners.

Stakeholders may be involved with any of the six planning steps. However, the participation
of different stakeholders may be more appropriate in some planning activities than in others. The
participation of abroad range of stakeholders may be desirable in this first planning step, since their
awareness of local conditions or concern for specific project features can greatly inform the Corps
planning process.

The input of stakeholdersto the planning process will largely depend on their perceptions of
the values of the site with and without restoration. The ways in which stakeholder values are formed
and expressed are explored in the Stakeholders report. Environmenta planners must recognize that
athough the project stakeholders may unanimoudy support restoration, they may have very different
perceptions of project planning, design, tools to be used, and schedule for budget allocation and
project completion.

As the Trade-Off Analysis report illustrates, small group processes can be very useful in
(2) diciting the values of stakeholders and (2) generating information about the site and the problems
and opportunities. Very few water resources or environmental decisions are currently made by one
individual or organization. There are simply too many parties and interests involved with these
resources. The Corps recognizes this reality and endeavors to improve its cooperation with loca
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project partners and to solicit the general public’sinput to the planning process. For environmental
projects, an even greater level of coordination with stakeholders may be required for effective and
efficient project planning.

The Trade-Off Analysis report aso explores the ways in which the informational, analytical,
or decison-making needs of project planning can be supported by small group processes. In this
report, aternative group processes are profiled, and their appropriateness for different planning
contexts is characterized. In this report, small group techniques are organized into two primary
categories: (1) those that generate (or clarify) ideas and (2) those that evaluate aternatives. To help
deveop the statement of problems and opportunities and establish a collaborative planning process,
the initial meeting of the project stakeholders should focus on idea generation and be designed
accordingly.

The selection of aprocess that is appropriate for particular circumstances must consider all
of the variables surrounding the planning effort. Although group process techniques appear relatively
simple, their successful application to different groups and subjects can require very high levels of
expertise. The Group Process report identifies aternative small group techniques and lists criteria
for selecting an appropriate technique. Thisreport provides descriptions of the process and products
of each technique.

Uncertainty in Developing the Problem/Opportunity Statement

Thereisuncertainty surrounding virtually all aspects of the planning process. However, the
development of the problem/opportunity statement is an especiadly critical task, and the uncertainty
surrounding it istherefore of particular concern. The purpose of the planning processis to develop
and evaluate restoration alternatives for specific site resources. However, there may be significant
uncertainty about the identity or nature of the problem. In addition, the links between the problem,
resource degradation, and the planning objectives may not be well supported. As aresult, there could
be substantial uncertainty between the restoration action and ecosystem reaction. The potential
uncertainty can be limited by a carefully devel oped problem statement that includes cause-and-effect
linkages as well as scientific support for those linkages. Another common source of uncertainty at
this step is that problem statements may be either too vague or too specific (i.e., so vague that
measuring the projects success is problematic, or so specific that solutions are preordained as an
objective).

The process of developing a clearly defined and specified problem/opportunity statement has
been one of the focuses of the EEIRP. In Introduction to Risk and Uncertainty, sources of
uncertainty surrounding the problem identification step, as well as approaches to address them, are
discussed in a general sense. In the forthcoming Procedures Manual: Risk and Uncertainty, the
details of more specific techniques will be further developed. Both of these reports build upon the
Risk and Uncertainty Bibliography, prepared during early phases of the EEIRP.
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Resource Significance

The P&G requires evaluation of a project's effects (beneficial or adverse) on the ecological,
cultural, and aesthetic attributes of significant natural and cultural resources. The recognition and
documentation of the significant resources in a project study will ultimately be what defines Federa
interest in a project. Significant environmental quality (EQ) resources and attributes that are
ingtitutiondly, publicly, or technically recognized asimportant are to be taken into account in decision
making. Focusing on significant issues is also required by Council on Environmental Quality
regulations, and makes practical sense; narrowing a large list of resources to only those that are
significant allows for a more efficient and meaningful study. While the P&G elaborates further on
what comprisesingtitutiona, technical, or public sgnificance, there is a need for further guidance and
procedures to operationalize these factors into the planning process. Procedures are required that
will assist in the identification and display of determinations of significance.

A survey of gignificance programs and models was assembled in Significance: New
Perspectives. This report was designed to assist planners in identifying the type of information
needed to determine resource significance. It was also designed to highlight the importance of
resource significance in the planner's eye. Ninety-five Federa, regional, state, and nonpublic
organizationa programs were identified which address the issue of resource significance and
prioritization. These significance programs are organized by parameters such as geographic scale,
political scale, ecosystem type, and program type. The scale parameters include international,
nationd, regional, state, and local areas. The ecosystem types encompass wetlands, rivers, riparian
areas, lakes, estuaries, watersheds, fish and wildlife habitat, and threatened and endangered (T&E)
Species.

Significance Protocols

The Significance: Resource Document provides additional background information on
significance and constitutes an easy reference to laws and regulations pertaining to institutional,
technica, and public significance. It is designed to be a guide for determining significance and
communicating that information to decisionmakers. In addition, significance protocols are being
developed to help planners and loca partners identify those resources that are significant
ingtitutionally, technically, and/or publicly at the national, regional, state, and local levels. The
significance protocols are being designed as a user-friendly guide for identifying and prioritizing
ggnificant resources. The protocols were field-tested prior to final publication in the Significance:
Protocols report.
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Cultural Resource Significance

Although restoration planning may focus on natural resources, cultural resources are aso an
important planning parameter. Cultural resources have conventionally been thought of in terms of
Section 106 (National Historic Preservation Act) compliance rather than the comprehensive
management and stewardship requirements of Section 110. The concept of significance has been
continualy redefined and expanded beyond contemporary archeological research to consideration of
broader public and social vaues as explained in the Briuer and Mathers paper in Cultural Resource
Significance: New Directions. In consdering significance of cultural resources in a broader context,
the literature provides a number of concepts useful in developing information on significance. In
Cultural Resource Significance: Trends and Patterns, this literature is synthesized in an interpretive
anaysis of the following significance concepts:

Definitional/evaluation criteria

Representativeness and redundancy

Cultural resource management research designs
Proactive management strategies

Public involvement

Use and development of new analytical approaches
Field procedures

Federa legidation

Results of this Step

The problem identification activities pursued in this initial planning step generate the
problem/opportunity statement, planning objectives, and planning scope. The outputs of this
planning step will serve as important foundations for the second planning step, Inventory and
Forecast of Conditions.

STEP 2: INVENTORY AND FORECAST OF CONDITIONS

The second step of the Six-step planning process is to inventory current resources and forecast
future conditions at the site without implementing a project. These activities develop a baseline of
current conditions and then forecast the without-project conditions through the period of analysis.
For environmenta projects, it is especialy important to discuss the significant resources in the with-
and without-project conditions.

In this second planning step, restoration planning typically focuses on (1) identifying key
determinants of the ecosystem structure and function and (2) adapting or developing a model of the
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ecosystem. The model development is contingent upon the problems/opportunities specified in the
first planning step. Once the ecosystem modd is developed, it can be applied to forecast the without-
project future condition.

EEIRP Planning Support: Inventory and Forecast of Conditions

Many EEIRP products support the inventory and forecast of conditions in the study area.
Those with the most direct support of the inventory and forecast of conditions include the results of
applied research directed toward: (1) determining the structure and function of the ecosystem, (2)
constructing a conceptua ecosystem modd, (3) developing a quantitative ecosystem model, and (4)
considering risk and uncertainty in each of these activities.

Ecosystem Structure and Function

Developing the without-project future for a site requires understanding the structure and
function of the ecosystem. The appropriate level of detail will depend on the planning circumstances,
the complexity of the ecosystem, and the restoration objectives. Profiles of different ecosystems and
habitats are compiled in Ecological Perspectives. This report provides a description of ecological
concepts that should be considered for restoration projects. Habitat profiles for aquatic, coastal,
estuarine, wetland, riverine, and lacustrine ecosystems are presented using the following parameters:

Physical condition
Conceptua models
Geographic distribution
Zonation within habitats
Biological community
Key ecological processes

The forthcoming Engineering Procedures Manual will also be helpful in addressing both
ecosystem structure and function. In particular, this report will contain: (1) a genera process for
ecosystem evauation, (2) discussions of the relations between structure and function, and (3) specific
techniques to determine structure and function of a given ecosystem.

In the firgt planning step, Specify Problems and Objectives, the outputs of the assessment of
resource significance were oriented toward institutional significance. In this second planning step,
the technical and public significance is given more prominence in the assessment of resource
significance. Technica significance is addressed via the ecosystem profile. Public significance is
included in the habitat description, particularly the suitability for a species of public concern or
interest. The EEIRP reports Significance: New Perspectives, Significance: Resource Document, and
Significance: Protocols are all relevant here.
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Conceptual Ecosystem Model

As the gtructure and function of the Site ecosystem is investigated, a conceptual model of the
ecosystem can be developed. As indicated in Predictive Models, conceptual ecosystemm models
typicdly illustrate relationships between target species, restoration performance indicators, and key
ecological parameters. Conceptual ecosystem models generally include:

Key abiotic processes or habitat characteristics
Food web structure and key resource species
Foundation, keystone, and engineer species
Optimal physical characteristics of restoration
Successiona sequences after disturbance
Spatial and temporal homogeneity

Natura disturbance regime

Landscape influences

Quantitative Ecosystem Model

Once the conceptual modd of the ecosystem has been devel oped, the conceptual relationships
can be quantified to the extent possible in order to (1) smulate the dynamics of chemical, material,
and energy flows in the ecosystem and (2) estimate how inputs to the system, such as a certain
quantity or quality of water, trandate into the ecosystem outputs of concern (e.g., acres of habitat
for agiven T&E species). Quantitative does not imply comprehensive. For some ecosystems and
planning objectives, arelatively ssimple model can effectively represent the structure and function of
the ecosystem.

In Predictive Models, more than 750 annotated and indexed citations relevant to ecological
modeling are provided. The ecological models reviewed are differentiated by their treatment of
ecosystem functions and geographic scales. Among the different types of models reviewed are habitat
models, species population models, energy or materia flow models, and models based upon
individual species. Most models currently in use for planning purposes are habitat models.

The technica appropriateness and availability of planning resources guide the selection of an
ecologica model. Among thetechnical criteriaare (1) the objectives for which the model isintended
to support, (2) those site resources that are significant, and (3) the emphasis on variables that are
subject to management manipulation. These technical criteria reinforce the importance of a clear
direction for the planning effort that comes from the first planning step. In Predictive Models, the
technical appropriateness of alternative models is assessed for different planning contexts.

Data collection and management are critical activities in the development of the without-
project future. The data needs of the ecosystem mode are paramount. The ecosystem model cannot
be used effectively if the required data are unavailable, inaccurate, or inconsistent. In Predictive
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Models, the variables that Corps restoration projects might affect are identified. The role of models
in planning should not be emphasized to the exclusion of other sources of information about
aternative future conditions. Information that is nonquantitative or not required by the model can
still be relevant to the without-project condition and, ultimately, decision making.

Without-Project Conditions

The report Ecological Perspectives also describes the process to devel op the without-project
conditions. Since ecosystem models cannot include al possible factors that determine ecosystem
structure and function, the most important parameters must be identified. This can occur through
gpecific research into the ecosystem structure and function or via the process of ecosystem modeling.
There may be asingle, readily identifiable key parameter such as a particular hydrologic regime or
levels of aspecific nutrient. The key parameters could aso be a very subtle combination of ecological
factors. After the quantitative ecologica model has been developed, the critical parameters can be
forecasted and input to the modd to assess ecological conditions in the absence of restoration action.
This assessment is combined with information that is nonquantitative or outside of the model to
forecast the without-project future.

The Linkages report can be used to devel op a baseline of human services/goods that the site
would provide without restoration action. The without-project ecosystem outputs can be input to
the linkages tables to forecast human services/goods through the planning period. Software versions
of the linkages tables are currently being prepared. These will dlow easier use of the linkage material,
as well as provide automated report generation.

Uncertainty in Forecasting: Without-Project Conditions

The forecasting of the without-project future is a fundamental exercise in uncertainty.
However, uncertainty can be unnecessarily exacerbated when specific forecasts are made without
acknowledging the inherent uncertainty. Another problem can be created when data collection efforts
focus on the quantity, not the relevance, of information. Conversely, there can also be problems
associated with too little information. This might be reflected in excessive reliance on professiona
judgements or extrapolations from existing information. 1n general, the accuracy of subjective data
and professional judgements can be improved by assigning an interval estimate rather than a point
estimate to future conditions (e.g., an uncertain quantity is described as between two values rather
than stated as a point value). Sengitivity analysis can also be used to calibrate extrapolations, for
example, either by varying outcomes — by plus or minus some percentage — to identify ranges of
future without-project conditions or by systematically varying critical variables.

In Introduction to Risk and Uncertainty, the issues surrounding uncertainties in baseline and
future without-project conditions are described, and aternative methods of addressing these
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uncertainties are identified. The forthcoming Procedures Manual: Risk and Uncertainty presents
different risk-based methods of forecasting future without-project conditions in greater detail.

Coordination with Stakeholders: Information Sources

Project stakeholders can support the Inventory and Forecast of Conditions activities. They
may be very aware of the ecosystem structure and function. Stakeholders can also help identify
sources of data that can serve as inputs to the ecosystem model or otherwise support the planning
process. Critical sources of information for this step may be state natural resource agencies.

Significant Cultural Resources

The forecasting of future conditions of significant cultura resources is dependent on
availability of data and resources to analyze and project future conditions. Cultural Resource
Significance: Regional Models demonstrates the use of GIS and development of aregional model
to anticipate future impacts on these resources. Although the ability to expend thislevel of effort is
not aways possible or appropriate, GIS is becoming increasingly accessible and provides the
capability to evaluate large regions and complex inventories of sites.

Results of this Step

There are four principal outputs of this second planning step. The first three outputs are
(1) an understanding of the ecosystem structure and function, (2) a conceptual model of the
ecosystem that identifies key resources and processes, (3) a quantitative ecological model. The model
when combined with forecasts of key ecological parameters generates the fourth output, the without-
project conditions. Asdiscussed with the following step, Formulation of Plans, alternative plans can
also be formulated using information from the ecosystem model.

STEP 3: FORMULATION OF PLANS

The third step of the six-step planning process is Formulation of Plans. In this step, the
planning objectives and resource conditions developed in the two previous steps are used to convert
remedial strategies into aternative plans. It is an iterative process that identifies structural and/or
nonstructural measures that (alone or in combination) can accomplish the planning objectives. The
formulation process seeks to develop alternative plans that are complete, effective, efficient, and
acceptable. The alternatives are often differentiated by location, scale, materials, and timing.
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Although environmental projects are ecosystem-based, the plan formulation process can
involve considerable engineering analysis and design. The plans may entail modification of the
operation or structure of existing Corps projects or the construction of new facilities. Alternative
plans should be formulated to respond to the objectives. These plans must be sufficiently developed
to allow an informed review of their effects in the next planning step.

EEIRP Planning Support: Formulation of Plans

Many EEIRP products support the formulation of alternative plans. Those with the most
direct support of formulation of plans include the results of applied research directed toward (1)
identifying potentia combinations of ecosystem inputs that could achieve the planning objectives, (2)
conducting restoration engineering activities, and (3) formulating restoration alternatives.

Combinations of Ecosystem Inputs

The development of the quantitative ecosystem model used to forecast the with- and without-
project conditions has been previously outlined. As described in those discussions, the EEIRP
supports model development activities with the reports Predictive Models and Ecological
Perspectives.

The details of determining key ecologica parameters and ecosystem inputs and outputs are
discussed in Ecological Perspectives. Asoutlined in that document, for any given restoration project,
there may be different combinations of ecosystem inputs that could achieve the restoration objectives.
It may bethat asingle critical ecosystem input is required in greater quantity or quality, or it may be
necessary to modify multiple ecosystem parameters. The dternative input combinations that produce
the desired results may be differentiated on the basis of the quantities, qualities, or mix of inputs. The
inputs may be water regimes of certain quality or quantity, critical nutrients, or material/energy flows.
Usng sengitivity analyses in the quantitative ecosystem model can assess how the ecosystem might
respond to different combinations of inputs. During plan formulation, a range of outputs are typically
congdered to identify the optimal restoration level. Those combinations of inputs that are found to
be feasible from an ecologica perspective are carried forward to the environmental engineering
analysis.

Restoration Engineering

The role of environmental engineering in restoration projects is to produce or deliver the
ecosystem inputs that could meet the restoration goals. Engineering studies seek to identify those
measures that can produce the dternative combinations of ecosystem inputs under consideration. The
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EEIRP has been supporting engineering analyses for restoration projects with avariety of technical
reports that will culminate in an engineering procedures manual for these projects. The EEIRP's
support of environmental engineering is outlined below.

One of the first tasks of the environmental engineering effort of the EEIRP was to conduct
a review of Corps and non-Corps environmenta restoration programs. The report Non-Corps
Restoration profiles the restoration experience of other Federal and non-Federal agencies. This
profile focuses on the engineering measures utilized to meet the site-specific restoration objectives
and the lessons learned from field trials of restoration techniques.

The EEIRP's environmental engineering research has drawn upon Corps and non-Corps
restoration experience in the development of new restoration techniques. In the Corps Restoration
and Non-Corps Restoration reports, aswel asin Monitoring Programs and the Monitoring Training
Module, this experienceis compiled and evauated. Given the diversity of perspectives on restoration
tools and experience and the large number of alternative environmental engineering measures, the
management of engineering information assumes a very important role in the Formulation of
Alternatives planning step. The Information Tree report has begun the process of organizing
restoration experience for application to new restoration projects. The report Ecological
Perspectives provides additiond information on environmental restoration projects of the Corps and
other agencies using a series of case studies.

As explored in Ecological Perspectives, restoration project failures can be as valuable as
successes, and descriptions of project experience in this evolving science must include setbacks as
well asadvances. In that document, descriptions of alternative restoration measures are presented,
including objectives met. In addition, the EEIRP is enhancing the trandation of restoration
experience into prescriptions for restoration action by preparing Monitoring Programs and the
Monitoring Training Module. The success of restoration engineering measures can be only judged
through long-term monitoring of restoration projects. Few engineering measures for restoration
projects are established practices, and the responses of complex ecosystems to restoration measures
are often uncertain.

The capstone product of the EEIRP's environmental engineering research is the Engineering
Procedures Manual. Thisdocument summarizes the role of engineering within the six-step process
and provides guidance for engineering andyses. The document identifies linkages between ecosystem
structure, function, objectives, management approaches, and specific engineering techniques and
features. Monitoring, maintenance, and cost information are also provided. One other product in
environmenta engineering research will be the Illustrated Handbook. This handbook illustrates and
describes various engineering features used in environmenta projects.

In the Linkages report and Linkages Electronic, the connections between environmental
outputs and human services are traced. The linkage tables contained in this report could be used to
identify restoration activities that would achieve desired project outputs with direct inference to
specific engineering measures.
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Restoration Alternatives

There are three primary approaches to environmental plan formulation: (1) draw upon plans
of others, (2) seek the advice of experts, and (3) assemble al possible combinations of management
measures. Thefirgt approach utilizes the plans of others as a foundation for plan formulation. This
might include plans devel oped by local project partners, other stakeholders, state agencies, or other
Federal agencies. The second approach taps the professional judgement and informed personal
intuition of “experts’ in appropriate disciplines. This process of consulting experts in the
development of dternative plans has been common in Corps water resources planning. Examples of
technical experts may include in-house Corps personnel, consultants (e.g., firms and academics), or
experts in other agencies (Federal, state, or local), and interest groups. The third approach, which
assembles al combinations of management measures, begins with alist of individual measures and
formulates plans by deriving every possible combination of those measures. The resulting set of
combinations is the entire set of alternative plans that can be generated from the measures under
condderation. Theindividua measures might be identified by either of the two previously described
approaches to plan formulation.

In the report Case Studies, the importance of stakeholder input to the formulation of
dternative plansis arecurrent theme. The value of the experience of stakeholders with the project
cannot be understated. As described above, some stakeholders have already developed detailed
restoration plans before they approach the Corps for assistance. These can serve as a foundation for
Corps project planning. The potential contributions of stakeholders to the plan formulation process
are described in more detail in the Stakeholders report. This latter document reiterates the political
redlity that stakeholder support of alternative plans is an important measure of their political and
ingtitutional feasibility.

Asexplored in the Trade-Off Analysis report, group processes can be used to generate ideas
or to make decisions. The formulation of alternative plans is perhaps the best example of utilizing
stakeholders potentia to generate ideas about aternative means to achieve the restoration objectives.
The Group Process report identifies multiple meeting designs that can be used for this purpose.

The procedures for cost effectiveness and incremental cost analyses are presented in: (1)
Interim and Final Cost-Effectiveness Manuals, (2) ECO-EASY Software, and (3) Cost Effectiveness
Training. These procedures are supplemented with a plan formulation process that formulates the
possible combinations of a given set of solutions (management measures or aternative plans). The
formulation procedure precedes the cost analyses and begins with alist of solutions and estimates of
the environmental output and dollar cost of each solution (and each scale or size of a solution, as
gpplicable). The procedure then elicits information about the combinability and dependencies among
the solutions. Finally, the procedure develops every combination of the solutions, screening out
combinations that do not meet the defined combinability and dependency conditions.

The Linkages report and Linkages Electronic can be used to forecast human services/goods
that the alternative restoration plans would produce. The with-project ecosystem outputs can be
input to the linkages tables to forecast human services/goods associated with alternative plans.

CHAPTER lll. EEIRP SUPPORT FOR RESTORATION PLANNING

33



EVALUATION OF ENVIRONMENTAL INVESTMENTS PROCEDURES OVERVIEW MANUAL

Results of this Step

For restoration projects, the third planning step, Formulation of Plans, identifies alternative
means to achieve the restoration goals. These plans result in aternative with-project futures. Once
an appropriate range of dternative plans has been formulated, they can be carried forward to the next
planning step, Evaluation of Effects.

STEP 4. EVALUATION OF EFFECTS

The fourth step in the six-step planning processis Evauation of Effects. The objective of this
step is to identify how project resources are likely to be affected by alternative restoration plans.
Alternative plans formulated in the preceding step should be complete, effective, efficient, and
feasible. The feasbility of each alternative is evaluated from the institutional, political, social,
technical, financial, economic, and environmental perspectives. The plans must be significantly
distinguished to provide decisionmakers an gppropriate range of alternatives to consider. In this step,
these criteria are used to begin the process of screening aternatives that eventually results in a
recommended plan.

The Evaluation of Effects planning step includes two primary activities. assessment and
appraisal. Assessment activities objectively identify (1) the differences between the with- and
without-project futures, (2) the effectiveness of meeting objectives, and (3) other project effects.
Appraisa is a more subjective process of weighing the effects identified by assigning their socia
values.

EEIRP Planning Support: Evaluation of Effects

Many EEIRP products support the evaluation of effects of aternative plans. Those with the
most direct support of problem identification include the results of applied research directed toward
the (1) evauation of restoration benefits, (2) monitoring restoration projects, (3) conduct of trade-off
analyses, and (4) consideration of risk and uncertainty in these activities.

Evaluation of Restoration Benefits

The EEIRP has endeavored to better explain linkages between environmental outputs and
socidly valued services so that available tools to measure restoration benefits in monetary terms can
be used effectively. The first EEIRP product associated with this effort was the Valuation Review
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report. Thisdocument provides an overview of the vauation dilemma raised by the loss of the NED
decision rule. It presents a detailed discussion of the chalenges associated with measuring
environmental resources in monetary terms from the disciplinary perspectives of economics,
engineering, socid psychology, and ecology. It includes a compilation of monetary and nonmonetary
valuation techniques in other Federal agencies and an analysis of the Corps institutional setting for
adoption of existing methodologies. The concepts and redlity of valuation are further described in
the Stakeholders report, with actual projects used to illustrate selected points.

One of the weaknesses of existing techniques to place monetary values on environmental
resources liesin the complex connections between environmenta outputs and socially valued services.
In the Linkages report and Linkages Electronic, these connections are strengthened with ecosystem-
specific matrices that align ecosystem outputs and socialy valued services. As described in Steps 2
and 3, the linkage tables in this report can be used to identify services associated with the with- and
without-project futures, respectively. In this fourth planning step, these services can be compared
to anticipate incremental increasesin human services (i.e., benefits) associated with alternative plans.
The forthcoming Monetary Valuation report will be a manual to link those outputs, that can be
associated with measurable (monetary) human service benefits, with existing tools.

The Valuation Procedures Manual will discuss aternative methods of collecting value
information tied to ecological outputs resulting from each alternative considered. This report will
examine the importance of human values to environmenta decision making and provide support in
determining these values. Firg, the use of the Linkages report and Linkages Electronic to determine
the human goods and services which result from a project is discussed. Second, the use of monetary
and nonmonetary valuation techniques to elicit value information about these human goods and
servicesis presented.

Monitoring Restoration Projects

Monitoring restoration projects can alow ongoing evauation of effects to assess the
effectiveness of restoration engineering measures and the ecosystem’ s response. Using Monitoring
Programs and Monitoring Training, the project manager can make decisions and midcourse
corrections based on solid monitoring data. The project manager can also determine and demonstrate
to others whether the project meets or exceeds performance criteria. In addition, monitoring
contributes to the refinement of ecological restoration methods, techniques, and policies.

Trade-Off Analyses

The Trade-Off Analysis report summarizes techniques for use in evaluation of alternatives.
Multiobjective Analysis (MOA) techniques describe the impact of project alternatives on objectives
of the project and show how aternatives differ with respect to different resources and benefits
affected by a project. In additional, some of the summaries in the Case Studies report identified
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difficulties in evaluation and prioritization of projects or aternatives when there was a mix of
subjective and quantitative information. MOA technigues can be used to incorporate both types of
information in an evaluation.

Uncertainty in Evaluation of Restoration Effects

Evaluations of effects associated with alternative restoration plans have uncertainty that
derives from the inability to forecast plan effects with perfect foresight. How well will the project
perform? How good are our estimates of project outputs? In Introduction to Risk and Uncertainty,
asmple exampleis presented illustrating how risk-based analysis can be used to address some of the
uncertainty inherent in the estimation of habitat outputs for aternative plans. In the Procedures
Manual: Risk and Uncertainty, a more thorough discussion of the advantages and disadvantages of
various risk-based methods to estimate with- and without-project outputs is presented.

Cultural Resource Impacts

The evaluation of effects for significant cultural resources is determined by identifying the
impacts resulting from the aternative plans. Use of GIS and predictive models can assist in
describing the extent of effects on cultural resources. Development of aregiona model as described
in Cultural Resource Significance: Regional Models will allow quantitative assessment of these
impacts.

Results of this Step

The Evduation of Effects planning activities produce assessments of the differences between
the with- and without-project conditions for restoration projects. The anticipated effects of
aternative plans are then carried forward to the comparison process in the next step.

STEP 5: COMPARISON OF PLANS

In the fifth planning step, Comparison of Plans, the differences between aternative plans are
examined and weighed. These activities are based on the positive and negative effects identified in
the preceding step. Both quantitative and quditative plan comparisons are frequently necessary. The
points of reference for the comparisons are the planning objectives established in the initia planning
step. The comparisons of aternatives must be explicit and objective. The underlying goa of the
comparison of plansis to provide information for the plan selection processin Step 6.
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Again, environmental projects chalenge traditiona planning methodologies. These challenges
derive from the predominance of nonmonetary benefits that characterize many restoration projects
and the high level of dependence of restoration projects on new or evolving ecosystem models. In
many cases, cost effectiveness evaluation methodologies are the most appropriate means of
comparing alternative restoration plans.

EEIRP Planning Support: Comparison of Plans

Many EEIRP products support the comparison of alternative plans. Those with the most
direct support of problem identification include the results of applied research directed toward cost
effectiveness anaysis and trade-off analyses.

Cost Effectiveness and Incremental Cost Analyses

As highlighted in Chapter |1, environmental projects differ from traditional water resources
development projects in that their benefits often cannot be measured in monetary terms. This has
given impetus to the development of environmental decision-making techniques that can evaluate and
compare the efficiency and effectiveness of alternative restoration plans without a traditional benefit-
cost analysis.

EC 1105-2-210 requires that restoration proposals include cost effectiveness and incremental
cost analyses. Cost effectiveness analysis is conducted to ensure that the least-cost dternative is
identified for various levels of ecosystem output. The subsequent incremental cost analysis is
intended to evaluate changes in costs for increasing levels of ecosystem output. Cost effectiveness
and incrementa cost andyses are associated with Steps 3, 5, and 6 of the planning process. The step-
by-step procedure for conducting these analyses is described in the Interim and Final Cost
Effectiveness Manuals and can be conducted by pencil and paper or, in more complicated situations,
by using the ECO-EASY analytical software.

Cost effectiveness and incremental cost analyses are means to compare the environmental
outputs and economic costs of aternative plans. In planning for environmental restoration and
mitigation, classic benefit-cost analysis is often difficult, if not impossible, because, although costs
of environmenta projects can still be measured in dollars, there is no universally accepted method to
express environmenta benefits in a single metric—dollars or otherwise. Therefore, while it is not
possible to use traditional benefit-cost analysis for environmental planning, other tools, such as cost
effectiveness and incrementa cost analyses, can be used to provide a more informed basis for judging
the value of potential restoration and mitigation projects. Many of these ideas are also discussed in
the Valuation Review report.
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Significant costs associated with restoration projects can include land acquisition, materials,
congtruction, monitoring, and maintenance. The Engineering Procedures Manual presents summary
information on the costs associated with materids, construction, 1abor, and maintenance for a number
of restoration strategies. Costs associated with monitoring efforts are presented in the Monitoring
Programs report. The Engineering Procedures Manual aso discusses the potential effectiveness of
various restoration techniques. The Illustrated Handbook will portray and describe various
engineering features for environmental restoration projects.

As cost effectiveness and incremental cost analyses determine the additiona cost of each
successive level of ecological output, the Valuation Procedures Manual will help the planner
determine the additional benefit of each successive level of ecologica output. In Step 4, value
information, both monetary and nonmonetary, was collected for ecological outputs resulting from
each dternative consdered. During Step 5, Comparison of Plans, this value information is presented
to decision makers to help them determine if each additional unit of output is worth the additional
cost determined within the cost effectiveness and incremental cost analyses. To support this process,
the Valuation Procedures Manual will discuss the use of monetary valuation as a means to dlicit
value information as well as reduce the number of output measures which need to be considered.
Also, thismanual will provide techniques for incorporating nonmonetary value information into the
decision making process. The Valuation Procedures Manual, therefore, will complement and
support the“Is It Worth It?’ process described in the Interim and Final Cost Effectiveness Manuals.

Trade-Off Analyses

Asexplored in the Case Studies report, restoration projects often have multiple objectives and
multiple stakeholders. The restoration planning process must balance these competing interests and
related project outputs. In the Trade-Off Analysis report, alternative techniques to trade off
competing interests are assessed. They include quantitative approaches such as multiobjective
analysis, conflict analysis (a subset of game theory), and small group processes.

As suggested by previous discussions of small group processes for stakeholder involvement,
there are opportunities for trade-off analysis throughout the planning process. In the Comparison of
Plans step there are opportunities to utilize the trade-off techniques of multiobjective planning and
conflict analysis. Multiobjective analysis (MOA) consists of a family of techniques to optimize
operation of a system to accomplish multiple goals. The classic example of MOA trade-off
techniques is the optimization of multipurpose reservoir operations within a given river basin. MOA
would be appropriate for the comparison of aternative restoration plans that have multiple objectives,
such as a wetland restoration project that has flood damage reduction, recreation, and restoration
objectives. Gametheory can aso be used to trade off competing interests in planning situations. A
guantitative model of conflict between multiple parties can be developed using a game-theoretic
gtructure. The modd is based upon each party having alimited number of options available to pursue
their interests. Conflict analysis can be used to identify solutions that are satisfactory to all
parties—solutions that may be hidden by misunderstandings between parties or because values or
options were concealed.
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It has been noted throughout this report that there are significant qualitative issues that affect
environmenta planning. The Group Process report provides a protocol for selecting techniques that
can be used to compare dternative plans. The information generated through these activities can also
be used to support the plan selection processin Step 6.

Uncertainty Issues in Plan Comparison

A comparison requires some criteria upon which it will be based. If the criteria are uncertain
(e.g., due to the relative weights different stakeholders give to different outputs) or are not known
to decision makers, there is a potential for considerable misunderstanding and error in the decision
process. Again, the Introduction to Risk and Uncertainty addresses these sources of uncertainty.
A systematic approach for addressing these uncertainties will be presented in Procedures Manual:
Risk and Uncertainty.

Decision Support System

The ahility to compare multiple aternatives and to identify differences between planswill be
improved through use of the Integrated Bio-Economic Planning System (IBEPS). IBEPS
incorporates restoration engineering and management measures with HEP evaluations of the
management designs. Asdescribed in IBEPS Development and IBEPS Implementation, ECO-EASY
software and results of the HEP analyses are used to generate incremental cost evaluations. The
IBEPS Software enables the planner to incorporate habitat, engineering measures, and cost
effectiveness information in asingle database. This capability dlows and supports "what if" scenarios,
readily enabling the reformulation of aternatives to see how HEP and cost effectiveness
measurements change in response to changes in the engineering and management measures used in
an alternative.

Results of this Step

The Comparison of Plans step identifies and weighs the differences between aternative
restoration plans. In the application of cost effectiveness analysis to restoration projects, the
Comparison of Plans step develops a graph of incremental costs for a range of restoration
alternatives. Thisincrementa graph is carried forward to the final planning step, Plan Selection.
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STEP 6: PLAN SELECTION

Thefina step in the Sx-step planning process is Plan Selection. In this step, a recommended
plan is selected from among feasible alternatives. By this point in the planning process, all nonfeasible
alternatives should have been eliminated. The selection of a recommended plan is based upon the
comparisons of quantitative and quditative information generated by the previous planning activities.

The comparisons of plans in the preceding step do not automatically lead to an obvious
decision about a recommended restoration plan. The analyst’srole is to provide information and
advice on arecommended plan. The results of the planning process are typically presented to other
parties who collectively generate a recommendation. These other parties include Corps higher
authorities, other Federa agencies, non-Federd project partners, project stakeholders, and the general
public.

EEIRP Planning Support: Selection of Plans

Many EEIRP products support plan selection. Those providing the most direct support
include the results of applied research directed toward: (1) cost effectiveness and incremental cost
anayses, (2) stakeholder participation, (3) decision support systems, and (4) internal coordination
with Corps higher authority.

Cost Effectiveness and Incremental Cost Analyses

The Interim and Final Cost Effectiveness Manuals and ECO-EASY Software contain
guidelines that can help in interpreting the analyses' results for plan selection. In place of the
traditiona plan selection rule—to select the “NED plan”—making selection decisons among
environmenta dternativesis guided by the question “Isit worth it?” The results of cost effectiveness
and incrementd cost andyses—displayed as graphs of outputs against costs—permit decisionmakers
to progressively compareincreasing levels of environmenta outputs and ask if each successive level
is “worth it"—that is, is the additional environmental output in the next level worth its additional
monetary cost? The procedure suggests severa decision-making guidelines that may be helpful,
including output targets, minimum and maximum output thresholds, maximum cost thresholds,
breakpoints, data uncertainty, and unintended effects. Although neither cost effectiveness nor
incrementa cost analysis will usualy result in the identification of a single best aternative, they will
result in more informed decision making for environmental restoration and mitigation.
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Stakeholder Participation in Plan Selection

The selection of the recommended plan is ajoint decision between the Corps and the local
project partners, often with substantia input from project stakeholders and the general public. While
thisis generaly true for traditional water resources development projects, the absence of a unique,
optimal restoration plan, such as the NED daternative, can place significantly greater emphasis on
stakeholder coordination in restoration planning.

The EEIRP has devoted considerable attention to stakeholder input to the planning process
through small group processes. As explored in the Stakeholders report, small group techniques that
are used for decison making are particularly relevant for plan selection. In the Valuation Review
report, the absence of monetary benefits led to recognition that close coordination with project
stakeholders is needed to select a restoration plan and that small group techniques can lead to
agreement on plan selection. Both the Group Process and Trade-Off Analysis reports describe
alternative group techniques that can be used to make decisions. Depending on the makeup of the
group and the issues involved, there are many small group techniques that can aid decision making.

Decision Support System

In support of documenting the plan selection process, the IBEPS Software produces GIS
maps and analyses as well as tables and other summary data showing the HEP and cost effectiveness
information for the aternatives under consideration. IBEPS Implementation provides an example
of the evaluative information that can be produced by the system.

Internal Coordination with Higher Authority

The evolving nature of the Corps restoration mission and the absence of monetary benefits
add sgnificant subjectivity in the plan sdection process. As discussed in the Case Studies report, this
subjectivity has resulted in different perspectives within and between the different hierarchica
elements of the Corps. Thisinternal uncertainty can create inefficiency and ineffectiveness not only
on the part of the planning team, which may be unsure of the requirements of higher authorities, but
for the organization as a whole with respect to communication within the hierarchy. The
Stakeholders report further examines issues of internal coordination within the Corps and provides
suggestions for enhancing communication between the Corps hierarchy.

Results of this Step
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The result of this step is arecommended plan, including possibly No-Action, for consideration
by higher authority and/or Congress for implementation. The planning process might still be far from
complete. The processisiterative. Depending on the type of project authority, there may yet be
multiple iterations through the sequence of six steps of the planning process.

PORTFOLIO-SCALE RESOURCE ALLOCATION

From the beginning of the EEIRP, the objectives of the program have been to address the site
and portfolio questions. Regarding the Site question, the program has endeavored to retain flexibility
in planning to creatively select the “best” restoration plan in terms of the environmental objectives
and condtraints. Regarding the portfolio question, the EEIRP has promoted the use of consistent and
effective methodologies for al Corps restoration planning.

Many of the site and portfolio considerations for restoration planning are longstanding issues
for traditional water resources planning. For water resources development and restoration projects,
an gppropriate balance of these considerations would be most desirable. Specifically, the goal would
be to retain creativity and flexibility at the site level with some measure of consistency supporting
portfolio decisionmaking without excessive losses in planning efficiency and effectiveness.

For restoration projects, these common decisonmaking factors are compounded by the
difficulty in evaluating their nonmonetary benefits. One of the resonant themes of this report has been
how the absence of acommon metric for evaluating the benefits of alternative plans complicates the
selection of the “best” plan. This challenge is magnified at the portfolio scale of analysis, when
comparisons between projects with completely different nonmonetary benefits must be made.

The portfolio challenges of restoration projects are not insurmountable. Several products of
the EEIRP are particularly pertinent to portfolio decisonmaking. First, the reports Significance:
Resource Document and Significance: Protocols can be used to determine and communicate
indtitutiona, technical, and public sgnificance of the resources affected by alternative "best" projects
for portfolio analyss. This can be used to help determine the level of Federal interest and guide the
project's priority of Federal action. The Cultural Resource Significance: Trends and Patterns and
Cultural Resource Significance: New Directions reports can provide similar information for cultura
resources. Second, the cogt effectiveness and incrementa cost analyses products can be used to apply
the “Is it worth it?’ question to aternative plans and aid in portfolio decisonmaking. Third, the
Linkages report and Linkages Electronic can be used to identify and compare socialy valued goods
and services (i.e., benefits) associated with the different “best” plans from around the country.
Finally, portfolio decisionmaking can be supported by comparing the combinations of the above
quantitative information with other project information, such as stakeholder input. The Stakeholders
report may be particularly helpful in synthesizing quantitative and qualitative information.
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ANNOTATED BIBLIOGRAPHY OF EEIRP PRODUCTS

(Note: The order of presentation is consistent with Table 1 in the main text.)
Resource Significance: A New Perspective for Environmental Project Planning

Resource significance is one metric that can be used in the selection and prioritization of
environmenta projects for implementation. This report provides a brief discussion of the concept of
resource sgnificance in terms of scientific or technical, institutional, and public criteria. 1t provides
a summary of areview of 95 existing programs that have been developed for purposes of ranking
projects, with more detailed summaries of selected programs that assist in determining environmental
ggnificance. Included in the review are examples of Federal, regional, state, and nonprofit programs
and programs for historical properties.

Significance for Environmental Project Planning: Resource Document

This report provides guidance for identifying and describing resource significance in
environmenta project planning within the Corps of Engineers Civil Works Program. The concept
of resource significance is taking on a new meaning. In flood control and navigation projects, the
environmental concerns were to avoid negative impacts on significant resources. If and when
negative impacts did occur, they had to be mitigated. Asaresult, often the minimum was offered as
mitigation for detrimental impacts. In today's planning environment, with environmental resources
becoming the project purpose, the emphasis is shifting towards identifying al of the significant
environmental resourcesin the study areaand planning to enhance or restore those resources to some
sdf-sugtainable state. Given that some resources are more significant than others, and that there will
never be adequate funding to address all environmental resource problems and opportunities, we are
faced with developing a salection process for identifying the most significant environmental resources
so that those can be addressed with available funding.

Use of Predictive Models in Aquatic Habitat Restoration

This report provides information on use of models in ecosystem restoration. For ecosystem
restoration planning, quantitative models are used to predict habitat, species populations, water
quality parameters, and other outputs so that future conditions can be described with and without
restoration efforts. The report isbased on areview of over 750 models and other information related
to use of modelsin restoration planning. Guidance is provided on use of appropriate technical criteria
for selection of quantitative models. Mgor chapters discuss important examples of different classes
of hydrologic models (catchment smulations and river/stream channel models) and biological models
(species community models, avian models, and ecosystem models).
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Planning and Evaluating Restoration of Aquatic Habitats from an Ecological
Perspective

Planning for ecosystem restoration requires an understanding of the structure and function
of aguatic ecosystems. Thisreport provides profiles of aguatic ecosystems to be used in developing
an understanding of ecological processes. The information can be used to identify those ecological
processes that are important to ecosystem structure and function and that should be part of
restoration of the affected ecosystem. Profiles are included for open coastline and near coastd
waters, subtidal estuarine habitats, coastal wetlands, freshwater wetlands, streams and rivers, and
lakes and reservoirs. For each ecosystem the habitat profiles include information on physica
condition, conceptua models, geographic distribution, zonation within habitats, biological
community, and key ecological processes.

Trends and Patterns in Cultural Resource Significance: An Historical
Perspective and Annotated Bibliography

This report offers a broad, analytical review of the literature concerned with the challenging
subject of evaluating cultural resource significance. The review of significance includes two main
sections: (a) an Annotated Bibliography (consisting mostly of peer-reviewed literature) and (b) an
Analysis Section (devoted to tracing historical trends in archaeological method and theory). The
literature summarized is extensive and is not widely accessible to the archeological and culturd
resource management (CRM) communities. After analyzing awide range of publications, 21 major
themes or concepts were established to characterize the breadth of archaeological views and ideas
about significance. A review of each theme was undertaken, including both a discussion and a
graphica presentation of trends through time. Systematic indexing and cross-referencing of
publications, authors, and significance themes have also been carried out to assist users in locating
references of special interest. The concluding section offers some suggestions and insights into the
future direction of significance evaluation with respect to the work unit and within CRM generally.
Particular emphasis is placed on the opportunities to develop more holistic management strategies,
to make greater use of new approaches and technologies, and to use more explicit evaluation
methods.

Evaluating Cultural Resources Significance: New Directions in Theory and
Practice, Proceedings of a Corps of Engineers Workshop

This report is composed of six papers presented at an EEIRP workshop that focused on
evauation of the significance of cultural resources. The papers are authored by Corps and Forest
Service cultural resource managers. The papers discuss various aspects of evauation of culturd
resources sgnificancein light of field experience in Corps and Forest Service planning and regulatory
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contexts. The subjects covered in the papers include existing chdlenges; current, state-of-the-art, and
holistic approaches; and future directions in significance evaluation.

Operationalizing Regional Models for Significance Evaluation: An Assessment
of the Practice of Significance Evaluation and a GIS Case Study (Forthcoming)

Evauating regiona impacts to, and planning for, regional management of cultural resources
requires data on hydrology, land use, vegetation, and threatened and endangered species in addition
to cultural resources data. Geographic Information Systems (GIS) provide an excellent tool for
managing cultural resources on a regional basis. This report documents the development of a
regional model for cultural resources for Rio Arriba County, New Mexico.

Prototype Information Tree for Environmental Restoration Plan Formulation
and Cost Estimation

This is the first of a series of reports that investigates the possibility of developing an
informational tool for organizing and providing the type of data and information necessary for
identifying and costing environmental restoration measures and techniques. It describes the
conceptual development of an information tree to assist in the design of environmental restoration
projects. The report focuses on three specific objectives: 1) develop a prototype information tree
structure to provide and organize data and information useful for environmental restoration plan
formulation and cost estimation; 2) describe the content of the tree branches and their linkages; and
3) begin the process of building the tree database, and identify additional data sources and data
deficiencies with respect to its more complete implementation. This report: 1) identifies the
environmentd variables that need to be manipulated to promote project goals (i.e. target variables);
2) links target variables with broad management approaches that could be used to manipulate them;
3) links broad management approaches with more specific management measures and techniques for
their implementation; 4) identifies the major engineering features or components associated with
alternative management techniques; and 5) provides information that will help project planners to
estimate the costs of management techniques and to identify their potential effectiveness and ancillary
ecologica and other effects.

National Review of Non-Corps Environmental Restoration Projects

This report has compiled and compared management measures, engineering features,
monitoring techniques, and detailed costs for a representative sample of non-Corps environmenta
projects or engineering projects (39) with environmental features. Thisreport is part of the series of
reports that will help build into the Prototype Information Tree for Environmental Restoration
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Plan Formulation and Cost Estimation report. The projects are categorized into 16 types, based
on the projects’ primary features. These types are: 1) bottomland hardwood forest restoration, 2)
enhancement of fish and wildlife habitat, 3) estuarine wetland creation, 4) estuarine wetland
enhancement, 5) estuarine wetland restoration, 6) estuarine wetland restoration and wildlife
enhancement, 7) mitigation bank establishment, 8) stream enhancement, 9) stream restoration, 10)
water qudity remediation, 11) wetland creation, 12) wetland creation and enhancement, 13) wetland
enhancement, 14) wetland mitigation, 15) wetland restoration, and 16) wetland restoration and
enhancement.

National Review of Corps Environmental Restoration Projects

This report provides descriptive information from 52 Corps environmental restoration studies.
For each project, information is provided concerning: its general location, the resource problems
being addressed, objective(s), management measures, outputs, and estimated total costs. Also
included in the report are unit price tables for various engineering features from many of the Corps
projects described in the report. The projects selected represent a cross-section in terms of
geographic location, legidative authority, and types of engineering features recommended. This
report is not acritique or an analysis of these 52 Corps environmental restoration studies; its primary
purpose is to provide descriptions of environmental management measures and/or engineering
features and their costs. For example, the resource problems, objectives and outputs/benefits are
provided only to assist the reader in better understanding the setting under which the management
measures were being considered. Thisinformation was directly extracted or summarized from the
study reports without critique or evaluation.

Planning Aquatic Ecosystem Restoration Monitoring Programs

The purpose of this report is to provide a unified approach to planning, implementing, and
interpreting monitoring of restoration projects. Thereport is directed at Corps plannersto help them
determine what factors to consider in a monitoring program, and how to design and implement an
efficient, cost-effective program. The report guides the planner on how a monitoring program
proceeds from identification of goals through selecting monitoring methods, and finadly to
interpretation and dissemination of results. The report reviews how to use monitoring results to
implement corrective actions to assure that performance goals are met. This report brings together
anumber of previoudy published—but somewhat unrelated—reports that have attempted to develop
monitoring approaches. This report is not a “how to” manual of the specifics of sampling, sample
processing, statistical analysis of data, etc., but rather a guide to fundamental elements of a
monitoring program for aquatic restoration.
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lllustrated Handbook of Environmental Engineering Features (Forthcoming)

This forthcoming handbook will be a compilation of various environmental engineering
features with an illustration accompanying each feature. These various features are obtained from
various projects, case studies, other handbooks, and technical articles. Features covered include
various types of bank protection, beneficial use of dredge material, different types of small-scaled
dams, coastal features, wetland features, and other structural and nonstructural options.

Procedures Manual: Engineering for Environmental Restoration (Forthcoming)

This forthcoming manual will be a summary of the findings found in the Information Tree,
Non-Corps Restoration, Corps Restoration, and the Monitoring Programs reports. This manual will
attempt to format these findingsin asimilar way, as presented in the Information Tree, but expanded.

Evaluation of Environmental Procedures Manual Interim: Cost Effectiveness
and Incremental Cost Analyses (includes ECO-EASY: Cost Effectiveness and
Incremental Cost Analyses - Software Beta Version 2.6)

The cost effectiveness procedures manual was developed to serve as a practical guide for
applying and interpreting cost effectiveness and incremental cost analyses for comparing the effects
of alternative environmental restoration and mitigation plans. It describes the anadlyses data
requirements, step-by-step instructions for conducting the analyses, examples of the analyses
application in different planning settings, decision making using the analyses' results, case studies,
exercises, and instruction in the use of the program, ECO-EASY: Cost Effectiveness and
Incremental Cost Analyses Software. The ECO-EASY software was developed to perform the
routine, and often time-consuming, “number crunching” required by the analyses; freeing planners
to focus on the identification of solutions, the estimation of their environmental and economic effects,
and the communication of information to support decision making. Both the manua and the ECO-
EASY software include a module to assist with plan formulation, where individual management
measures and their inter-relationships are identified and then combined into al dternative
combinations of measures, and guidelines that assist in interpreting and using the results to make
decisions.
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Cost Effectiveness and Incremental Cost Analyses Training:
* PROSPECT Module
* Executive Workshop
* Practitioner's Workshop

Workshops and training for the ECO-EASY Software BetaVersion 2.6.

Procedures Manual, Cost Effectiveness and Incremental Cost Analyses: ECO-
EASY Beta Version 3.1 (Forthcoming)

An expanded version of Beta VVersion 2.6 with improved graphics and reporting capabilities.

Review of Monetary and Non-Monetary Valuation of Environmental
Investments

Placing value on the environment, whether through monetary-based methods or through other
evaluation techniques, has been and will continue to be a widely debated topic. The conceptual
foundation and institutional setting for pursuing further study are developed in this report. Specific
objectives are to: 1) describe services provided by environmental resources and systems and methods
for thelr measurement or valuation; 2) review existing research programs and products; and 3)
evaluate the resource constraints on potential Corps’ field applications. Independent expert views
from an economist, engineer, ecologist, and psychologist as to environmental outputs and valuation
techniques are included as appendices.

Linkages Between Environmental Outputs and Human Services

This report identifies relevant socioeconomic use and nonuse values associated with
environmenta projects and also improves the linkages between environmental output measures and
necessary inputs for socioeconomic evaluation. It answers the question: What are the possible
changes in the ecosystem that may result from USACE environmental mitigation and restoration
projects, and what outputs and services do these changes provide society? The report includes a suite
of tables which link USACE management options, to ecological inputs, to ecological outputs, and
then finally to human services. Also, indirect effects of management options are identified.
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Linkages Between Environmental Outputs and Human Services: Electronic
Version

Forthcoming electronic version of the above report.

Environmental Valuation: The Role of Stakeholder Communication and
Collaborative Planning

This report describes how understanding the perspectives of stakeholders in USACE
environmental projects might improve the identification and communication of project benefits.
Vauation of project featuresis a central component of the Corps decision-making framework. This
report is based, in part, on three case studies of current USACE environmenta projects as well as
interviews with USACE Headquarters personnel involved in policy making for or review of
environmental projects. The goa of the interviews and meetings was to better understand project
priorities from individua stakeholders and to observe interchange on selected issues among the
stakeholders.

Monetary Measurement of Environmental Goods and Services: Framework and
Summary of Techniques for Corps Planners

This report provides information on the potentia applicability and use of monetary
measurement techniques (also referred to herein as economic benefits estimation or valuation
techniques) for environmental project planning studies within the Corps of Engineers’ Civil Works
Program. In some cases it may be possible and desirable to estimate the monetary benefits associated
with certain environmenta outputs provided by ecosystem restoration projects. The purpose of this
report is to help project planners better understand what tools are available for estimating the
monetary benefits of environmenta outputs, when they may be technically appropriate to use, and
their potential resource requirements in the ecosystem restoration context.

A variety of economic techniques are available for estimating the monetary benefits provided
by nonmarketed, environmental goods and services. Most of these tools are described in very broad
termsin economic textbooks and in very technica termsin economic journals, leaving an information
gap which often makes it difficult for potential practitionersto evaluate their potential applicability
and use in different contexts. Additionally, very little summary information has been complied
concerning the data requirements of these techniques, the time it takes to perform such analyses, and
the technical expertise required to use techniques effectively.
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This report attempts to address these information gaps by providing Corps planners with a
summary of selected economic vauation techniques and their resource requirements, and a
framework for evaluating their potential applicability and use in ecosystem restoration project
planning.

Procedures Manual: Valuation of Environmental Outputs (Forthcoming)

This procedures manual is a reference for the Corps planner interested in ecosystem
restoration planning. It servesthe planner in three ways. First, it provides areview of the economic
concepts that are central to understanding the role of valuation in project planning. Second, it
provides the reader with areview of the foundations of the National Economic Development (NED)
andyss and Cogt Effectiveness/Incrementa Cost analyses, including their advantages and limitations.
Third, it demonstrates to the planner how components from NED analysis and cost
effectivenesslincrementa cost analyses can be integrated, as appropriate, into a valuation framework.

The combined valuation framework consists of four interrelated steps. These are:

. Linking ecosystem outputs to human services,

. Monetary valuation of select human services,

. Cost-effectiveness and incremental cost analyses,

. Compilation of value information to support plan selection.

An Introduction to Risk and Uncertainty in the Evaluation of Environmental
Investments

Incorporating risk and uncertainty into environmental restoration planning studies can be a
means of improving the quality of the decision-making process. This report introduced Corps
personnel involved in the planning of environmental restoration projects to the basics of risk and
uncertainty analysis. The taxonomy of terms described in this report provides the new risk analyst
with a way to think about the knowledge, model, and quantity uncertainty that is present in
environmenta planning. Sdlected tools and broad concepts are introduced as a means of addressing
these uncertainties. In addition to generic, “big picture’ sources of uncertainty related to the Corps
sx-step planning process, uncertainties specific to environmental planning are identified. Common
potentia sources of uncertainty include delineation of the study area, identification of target species,
the structure of habitat suitability index models, habitat variable measurements, calculation of existing
and future habitat units, and modeling project performance using habitat evaluation procedures. An
example introducing risk-based analysis to the estimation of habitat unit changes is offered to
demonstrate the feasibility of some of the methods presented in the report.
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Incorporating Risk and Uncertainty into Environmental Evaluation: An
Annotated Bibliography

This report introduces Corps personnel involved in the planning of environmental/ecosystem
restoration projectsto some of the relevant literature for assessment of risk and uncertainty issuesin
the evaluation of environmental investments. The literature review serves two audiences: both asa
primer on the general risk and uncertainty literature that will help planners find the tools they need
to do risk analysis, and as a gateway to the more detailed and specific applications of risk analysis to
environmental issues for Corps risk anaysts, planners, managers, modelers, and environmenta
experts. Fifty-two books, reports, papers, and articles are reviewed at length. The report aso
provides suggestions to the reader for sources of information worth monitoring for future
devdopmentsin the literature, as well as an extended traditional bibliography of books and articles
(not reviewed or annotated) of potential interest.

Procedures Manual: Approaches for Incorporating Risk and Uncertainty into
Environmental Evaluation (Forthcoming)

Thisforthcoming Procedures Manual uses an actual Section 1135 restoration case study as
an example to document: the important sources of risk and uncertainty in a representative
environmenta restoration project; suggested risk-based tools and methods for addressing those
sources of uncertainty; and how these methods can improve environmenta planning in the analysis
of without- and with-project conditions and decision-making in comparing and selecting plans. The
report also contains a generic outline suggesting an approach to the identification, assessment, and
treatment of risk and uncertainty in atypical Corps environmental restoration project. The outline
thus serves as atemplate that can be gpplied to the conduct of arisk and uncertainty analysis for other
environmental activities.

Development of an Integrated Bio-Economic Planning System for Corps of
Engineers’ Planning Projects: Conceptual Design

In the environmental planning realm, U.S. Army Corps of Engineers planners are frequently
asked to assist in the design of restoration projects, as well as assess potential impacts of
projects/programs, and suggest cost-effective and biologically productive compensation/mitigation
solutions for impacted areas of concern. To accomplish these tasks, planners must have direct access
to the necessary data (spatial inputs/outputs, and costs for the potential development management
measures) to aid in the selection of cost-effective solutions during the plan formulation process of
project design. The WalaWalla District Corps of Engineers has developed a conceptual design for
an Environmental Decision Support System (EDSS) that would give planners the ability to design
multiple management scenarios and assess the biological outputs associated with each scenarioin a
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“user-friendly” environment. The EDSS would aso alow comparisons of multiple scenarios and
combinations of scenarios using a cost-effective and incremental cost strategy. Four major
components would be combined to produce the EDSS: 1) spatia information and analyses, 2)
environmenta benefit and cost evaluations, 3) incremental cost and cost-effective analyses, and 4)
multiple management design analyses.

Implementation and Demonstration of the Integrated Bio-Economic Planning
System (Forthcoming)

Thisreport is an gpplication of the Integrated Bio-Economic Planning System to an on-going
ecosystem restoration project.

Integrated Bio-Economic Planning System - Version 1.0 and Manual - Draft
(IBEPS Software) (Forthcoming)

This product is the software and user’ s documentation of the IBEPS conceptual design.

EEIRP Home Page on the World Wide Web

An EEIRP Home Page on the World Wide Web will soon provide information about the
products of the EEIRP. The EEIRP Home Page is expected to be installed by May 1997.
Information can be accessed according to planning step and resource type. The address of the EEIRP
Home Page will be www.wes.army.mil/el/ecubed (note: lower case letters).

Compilation and Review of Completed Restoration and Mitigation Studies in
Developing an Evaluation Framework for Environmental Resources, Volumes
land Il

Corps Didricts are being faced with servicing the present environmental needs of their
condtituencies. Thisisbeing met with varying degrees of success from the perspectives of the Corps
planner and local interests. Monitoring the recent past and real time environmental endeavors of the
Corps reveals that, although there is cumbersomeness in the planning arena, some successful
techniques are emerging. This two-volume set describes important environmental restoration and
mitigation planning issues currently facing Corps planners. Findings are based on ten (10) Corpsfield
case studies, including interviews of both Corps and non-Corps study team members, and a focus
session conducted with Washington level reviewers. Volume | includes a description of the research
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approach and findings and recommendations for future research. Detailed summaries of the focus
session and the individua case study interviews arein Volumel 1.

Trade-Off Analysis for Environmental Projects: An Annotated Bibliography

Trade-off analysis is composed of many tools for identifying optimal solutions to complex
problems. Tools must be appropriate to the specific context. In some circumstances, a single
eva uation technique may be gppropriate; in others, combinations may be most effective. This study
explores the literature for andytica techniques that can support the complex decision-making process
associated with Corps environmenta projects. The literature review focuses on opportunities for
using trade-off methodologies and group processes in environmental plan formulation and evaluation.
An annotated bibliography isincluded.

Identifying Small Group Techniques for Planning Environmental Projects: A
General Protocol

This report provides planners with a protocol for small group techniques to support the
planning of ecosystem restoration projects. It examines techniques that are structured to improve the
efficiency and effectiveness of generating ideas, making decisions, and discussing information. The
protocol will help planners consider alternative small group techniques for use with stakeholders to:
1) gather and share information, 2) generate aternatives, and 3) evaluate aternatives. These
techniques are designed to address the needs of small groups. Task forces, planning teams, advisory
boards, and steering committees are some examples of typical small group meetings. They do not
readily lend themselves to large public meeting formats. Although the organization of these
techniques has been developed for ecosystem restoration planning, there are broad applications to
other planning, operations, and regulatory settings where small groups of people are brought
together. A case study isincluded in the report.

Evaluation of Environmental Investments Procedures Interim Overview Manual

This Interim report supports planners by identifying EEIRP products that can be used to apply
the P& G planning process to environmental projects. Underlying the incorporation of the EEIRP
products in the planning process is the need to 1) integrate the tools and techniques identified and
developed by the EEIRP and 2) ensure that they collectively address the site and portfolio questions.
This report is intended to serve as a reference guide for Corps environmental planning. Itisa
procedures manual that synthesizes the many products of the EEIRP and shows how they can support
environmental planning, which is conducted in accordance with the six-step planning process. It
provides an overview of Corps environmental planning and identifies EEIRP products that support
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specific planning activities. Planners are encouraged to obtain copies of the EEIRP products that
pertain to their specific planning challenges.

Evaluation of Environmental Investments Procedures Overview Manual

Thisreport isarevison of the Interim Overview Manual described above. Thisrevision will
include the EEIRP products and reports that were not completed when the Interim report was
published.
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